Consider the charmless B → M 1 M 2 decays with M 2 being emitted, as shown in Fig. 1 . The decays can be studied by means of the QCD factorization (QCDF) approach [1] . Since the energies of final state mesons M 1 , M 2 are order of m B /2, the soft corrections between the two mesons will therefore decouple in order of Λ QCD /m b . Only hard interactions between (BM 1 ) and M 2 survive in the heavy b quark mass limit, m b → ∞, and soft effects are confined to (BM 1 ) system. In the QCDF approach, the transition matrix element of the 4-quark operator O i , depicted in Fig. 1 , is given by
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where T I , T II are hard scattering functions, F BM1 the B → M 1 transition form factor, Φ M1,2 the light-cone distribution amplitudes (LCDAs) of the final state mesons.
Light-cone distribution amplitudes of light mesons
The nonlocal quarks (and gluon(s)) sandwiched between the vacuum and the final state meson can be expressed in terms of a set of LCDAs. For the processes of B → V P , where V and P denote the vector and pseudoscalar mesons, respectively, we find that the weak annihilation diagrams induced by (S − P )(S + P ) penguin operators, which are formally power-suppressed by order (Λ QCD /m b ) 2 , are chirally and logarithmically enhanced owing to the non-vanishing end-point behavior of the twist-3 LCDA of the pseudoscalar meson P 
where Φ is the leading twist (twist-2) LCDA and Φ P p and Φ P σ are of twist-3. The above LCDAs are defined by
where
, with m 1,2 being the current quark masses of q 1,2 , and the asymptotic forms of LCDAs are: 
CLEO, (10.0 ± 0.9 ± 0.5) × 10 −6 BaBar, (14.6 ± 3.0
Belle,
CLEO, (7.6 ± 1.3 ± 0.5) BaBar, (13.0
In absence of annihilation contributions, the resulting branching ratios are Br(B − → φK − ) = (3.8 ± 0.6) × 10 −6 and Br(B 0 → φK 0 )= (3.6 ± 0.6) × 10 −6 , which are small compared with the data. The relevant weak annihilation diagrams for φK modes, which are penguin-dominated processes, are depicted in Fig. 2 . The annihilation contributions induced by (S − P )(S + P ) penguin operators are not subject to helicity suppression and could be sizable. As shown in [2] , these annihilation contributions, which are formally power-suppressed by order of (Λ QCD /m b ) 2 , are chirally and logarithmically enhanced. The logarithmical divergence (or enhancement) is owing to the non-vanishing end-point behavior of the twist-3 LCDA of the kaon. The annihilation amplitude for φK modes is approximately given by
with X A being usually parametrized as
Note that the gluon propagator in the annihilation diagrams, as shown in Fig. 2 , is not as hard as in the vertex diagrams. Since the virtual gluon's momentum squared there is (ηp P1 + ξp P2 ) 2 ≈ηξm 2 B ∼ 1 GeV 2 , whereηm B ∼ Λ χ and ξ ∼ 0.5, the relevant scale for the annihilation topology should be µ h ∼ 1 GeV.
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By comparing calculation results with the data, we therefore know that annihilation contributions are not negligible and could give 50% corrections to the decay amplitudes of φK. Moreover, because the annihilation amplitudes give constructive contributions to φK modes, they need to have the large real part, Re(ρ A ) ≥ 0.7 for adopting f B = 180 MeV. A totally different conclusion has been made in [7] . Their calculation gives almost imaginary annihilation contributions to the decay amplitudes. Nevertheless, their resulting branching ratios are instead enhanced by matching the full theory to effective theory at the confinement scale, where the Wilson coefficients become much larger. Using the QCDF approach, we obtain φK * /φK ∼ 1 [2, 9] , while in the pQCD study [7, 8] the ratio is ∼ 1.5. The result should be testable in the near future measurements.
Higher twist effects in B → V V
The B → V V amplitude consists of three independent Lorentz scalars:
where c corresponds to the p-wave amplitude, and c, d are related to the mixture of s-and d-wave amplitudes. The three helicity amplitudes are given by
where p c is the c.m. momentum of the vector meson in the B rest frame and m 1,2 is the mass of the vector meson V 1,2 . Take B → φK * as an example, which is shown in Fig. 3 . When compared with H 00 , to occur in the H −− helicity amplitude, the spin of thes in the emitted vector meson φ has to be flipped. Therefore, the amplitude H −− is suppressed by a factor of m φ /m B . The H ++ amplitude is subject to a further spin flip and therefore is suppressed by (m φ /m B ) × (m K * /m B ). It is thus expected that |H 00
The QCDF results indicate that the nonfactorizable correction to each helicity amplitude is not the same; the effective Wilson coefficients a i vary for different helicity amplitudes. The leading-twist nonfactorizable corrections to the transversely polarized amplitudes vanish in the chiral limit and hence it is necessary to take into account twist-3 DAs g (v,a) ⊥ of the vector meson in order to have renormalization scale and scheme independent predictions. Because the (S−P )(S+P ) penguin contributions to the W -emission amplitudes are absent and annihilation is always suppressed by helicity mismatch, tree-dominated decays tend to have larger branching ratios than the penguin-dominated ones [9] .
Higher twist effects in B → J/ψK
The B → J/ψK ( * ) modes [3, 10, 11] are of great interest because they are only few of color suppressed modes in hadronic B decays that have been measured. They receive large nonfactorizable corrections. Under factorization, the B → J/ψK decay amplitude reads
|a 2 | can be extracted from the data and its value is |a 2 | ≃ 0.27 ± 0.04, where the error depends on the form factor model of F BK 1
. The QCDF result for a 2 is
where f I , g I arise from the vertex corrections, f 2 II from the twist-2 hard spectator interaction, and f 3 II from the twist-3 hard spectator interaction. In Fig. 4 we plot the spectator corrections to the decay amplitude of B → J/ψK. To leading-twist order, i.e. neglecting f 3 II , we have a 2 (J/ψK) ∼ 0.15 which is too small when compared with the data. The contribution of two-parton kaon LCDAs of twist-3 to the spectator diagrams is
where Φ K σ is the two-parton kaon LCDA of twist-3 which has been shown in Eqs. (3) and (4). In the above equation, the integral of Φ K σ is divergent. However, it is known that the collinear expansion cannot be correct in the end point region owing to the non-zero transverse momentum k ⊥ of the quark. Thus we parametrize the integral as
To account for the experimental value of |a 2 |, the parameter ρ H should be chosen as large as ∼ 1.5 [3] . It implies that a 2 (J/ψK) may be largely enhanced by the nonfactorizable spectator interactions arising from the twist-3 kaon LCDA Φ K σ , which are formally power-suppressed but chirally and logarithmically enhanced [3] .
Nevertheless, since the contribution of the twist-3 kaon LCDA Φ K σ to the spectator diagram is end-point divergent in the collinear expansion, the vertex of the gluon and spectator quark should be considered to be inside the kaon wave function. I.e., the kaon itself is at a three-parton Fock state. Instead of considering the contribution of the two-parton kaon LCDA of twist-3 to spectator diagrams, we calculate the subleading corrections from the three-parton LCDAs of the kaon and get a 2 = 0.27 + 0.05i [12] which is well consistent with the data. The result also resolves the long-standing sign ambiguity of a 2 which turns out to be positive for its real part.
6 Can we understand why Kω/πω ∼ 1?
The history of searching for the B − → ωK − rate is very interesting. The ωK − mode was first reported by CLEO in 1998 [13] with a large branching ratio ∼ 15 × 10 −6 , but disappeared soon after analyzing a larger data set [14] which was confirmed by the later BABAR measurement [15] . However, recently Belle observed a large ωK − rate, (9.2 +2.6 −2.3 ± 1.0) × 10 −6 , and ωK − /ωπ − ∼ 2 [16] . The non-small ωK − rate is also shown in the newly BABAR data [5] with ωK
. From the theoretical point of view, large ωK rates are hard to understand. where
with m s,u being the current quark masses, and b 3 (K, ω) is the annihilation contribution of Kω modes [17] . The π − ω rate weakly depends on the annihilation effects.
Without annihilation, since the a 4 and a 6 r K χ terms are opposite in sign in the K 0 ω amplitude, the K 0 ω/π − ω ratio should be very small. Choosing smaller m s could enhance the ratio, but does not help much in understanding data. We consider the contributions of the three-parton Fock state of the final state π (or K) meson to the decay amplitudes, as shown in Fig. 5 . We find that they can give significant corrections to decays with ω in the final states. The decay amplitudes with corrections from the three-parton Fock states are given by
where "· · ·" denote the contributions from two-parton Fock states of the final state mesons, the normalization scale of c i is ∼ 1 GeV, and
with
23 being the averaged fraction of the pion momentum carried by the gluon. More details of the present work would be given elsewhere [12] . We plot in Fig. 6 the branching ratios for Kω, πω vs the weak angle γ. Taking γ = 90
• , we obtain the branching ratios 
Summary
Using the QCD factorization approach, we study various important corrections from higher twist distribution amplitudes of mesons in the hadronic B decays. (i) For the case of B → φK, the weak annihilation diagrams induced by (S −P )(S +P ) penguin operators, which are power-suppressed by order of (Λ QCD /m b ) 2 , are chirally and in particular logarithmically enhanced owing to the non-vanishing endpoint behavior of the twist-3 light-cone distribution amplitudes of the kaon. (ii) For the case of B → V V , it is necessary to take into account twist-3 distribution amplitudes of the vector meson in order to have renormalization scale and scheme independent predictions. (iii) a 2 (J/ψK) may be largely enhanced by the nonfactorizable spectator interactions arising from the twist-3 kaon LCDA Φ K σ , which are formally power-suppressed but chirally and logarithmically enhanced. However, since the contribution of the twist-3 kaon LCDA Φ K σ to the spectator diagram is end-point divergent in the collinear expansion, the vertex of the gluon and spectator quark should be considered to be inside the kaon wave function. Instead of considering the contribution of the two-parton kaon LCDA of twist-3 to spectator diagrams, we calculate the subleading corrections originating from the three-parton LCDAs of the kaon and obtain a 2 = 0.27 + 0.05i which is well consistent with the data and can solve the long-standing sign ambiguity of a 2 . (iv) We study the subleading corrections arising from the three-parton Fock states of mesons in B decays. Our results can account for the observation of ωK ∼ ωπ − .
